Abstract. The nucleon form factors are calculated using a non-relativistic description in terms of constituent quarks. The emphasis is put on present numerical methods used to solve the three-body problem in order to reliably predict the expected asymptotic behaviour of form factors. Nucleon wave functions obtained in the hyperspherical formalism or employing Faddeev equations have been considered. While a q À8 behaviour is expected at high q for a quark-quark force behaving like 1ar at short distances, it is found that the hypercentral approximation in the hyperspherical formalism K 0 leads to a q À7 behaviour. An in®nite set of waves would be required to get the correct behaviour. Solutions of the Faddeev equations lead to the q À8 behaviour. The coef®cient of the corresponding term, however, depends on the number of partial waves retained in the Faddeev amplitude. The convergence to the asymptotic behaviour has also been studied. Approximate expressions characterizing this one have been derived. From the comparison with the most complete Faddeev calculation, a validity range is inferred for restricted calculations.
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Introduction
A great interest is currently devoted to the nucleon form factor and, in particular, to its behaviour at high-momentum transfers. Indeed, from QCD in the perturbative regime [1], one expects the nucleon form factor, G M q 2 (or F 1 q 2 ), to scale like q À4 , up to log terms. Experimentally, this behaviour seems to be reached quite rapidly, around 10 GeVac 2 [2]. Many theoretical works try to build a bridge between the low-and highmomentum domains [3, 4] . They deal with the non-perturbative regime of QCD, where predictions are more dif®cult, and rely on non-relativistic calculations for the lower part of the momentum range. In this context, one may question the dependence of the predictions on the theoretical framework and on the numerical methods, especially with regard to the onset of the asymptotic behaviour. Obviously, in view of the large momentum transfers involved, one should adhere to a relativistic treatment. Some works along these lines are in progress [3±6] . Nevertheless, a nonrelativistic study may be helpful to provide qualitative, if not quantitative, answers to questions as raised above.
First simplistic descriptions of nucleons in terms of constituent quarks have relied on the harmonic-oscillator wave function [7] . In such models, the calculated form factors drop exponentially to zero beyond q 2 3 GeVac 2 [8] . Curiously, from this particular result, it has sometimes been deduced that any constituent quark model could not give rise to a power-law behaviour for form factors at high q 2 . Improved non-relativistic descriptions of the nucleon rely on the solution of the Schr odinger equation, using for instance the hyperspherical harmonic formalism, or on solving the Faddeev equations. These approaches have been found to work remarkably well at least with respect to calculating the eigenvalues. For instance, calculations performed within one and the same constituent quark model in Valencia (with the hyperspherical formalism) [9] and in Grenoble (Faddeev equations) [10] have evidenced only small discrepancies in the binding energies of the low-lying baryons (of the order of a few MeV to be compared to a total contribution of the order of 1 GeV for the kinetic energy and the non-constant part of the potential [11] ). The small differences may be due to approximations made in either approach: the restriction to the lowest values of the grand orbital, K, in the hyperspherical formalism and/or the number of amplitudes retained in the Faddeev approach. It is important to examine if possible differences appear in a more pronounced manner for observables where the wave function enters, notably the charge and magnetic form factors of both the proton and the neutron.
Here we perform this type of a study. This is a preliminary step prior to improving on the physical description of the nucleon or comparing to experiment. In particular, we check the sensitivity of the results to two kinds of approaches (hyperspherical formalism and Faddeev) and to the truncations that are currently made in the actual calculations. We also want to ®nd out if the results approach the asymptotic power-law behaviour in q À8 , which is expected for non-relativistic calculations of nucleon form factors with Coulomb-or Yukawa-type potentials [12] , like those we will use. While doing so, we found that numerical results could accommodate other power laws as well. To determine whether the lack of convergence to the expected asymptotics was due to the approach itself or to the dynamics, we completed the numerical analysis by a theoretical one. We have thus been led to elaborate various schematic models to understand our results. In view of their possible usefulness, some of them will be presented. A few remarks as for deducing the force between quarks from the nucleon electromagnetic form factor [13] , or about higher-order QCD corrections will be made.
